Background: After kidney transplantation, many risk factors can lead to graft rejection and force the patient to return to dialysis treatment.
Background
Chronic renal failure is defined as a glomerular filtration index rate of less than 60 mL/minute in 1.73 m 2 of body area for at least three months. It is a public health problem with a significant financial burden (1) . Recent research indicates that 10% to 15% of American adults were diagnosed with chronic renal failure in 2009 (2) . The rate of diagnosis was 11.2%, 10.1%, and 18.7% for Australia, Singapore, and Japan, respectively, in 2006 (3) (4) (5) . In Iran, the number of patients with progressive renal disease was 25,000 in 2006, with an annual increase of approximately 12%. It is also predicted that, by the end of 2016, the prevalence and incidence of end-stage renal disease patients (ESRD) will be 357 and 57 subjects per million, respectively (6) .
The main causes of long-term graft loss are chronic kidney dysfunction, recurrence of glomerulonephritis, and death from other health problems (except those related to kidney functioning) (7, 8) . Moreover, chronic graft loss has immunologic and non-immunologic causes. The immunological factors are leukopenia and human leukocyte antigen (HLA) type, while the donor's non-immunologic factors include type of donor (e.g., living or cadaver) and donor's age and race. Also, the recipient's immunological factors include serum creatinine level, hemodynamic status, age, sex, race, and health complaints, such as hyperuricemia, acute tubular necrosis, heart attack, hypertension, and diabetes (9) .
In practice, three categories of treatment are available for these patients: hemodialysis, peritoneal dialysis, and kidney transplantation. Recent studies show that kidney transplantation is the most effective therapy for ESRD patients. It reduces the risk of mortality and enhances patients' quality of life (10) . Living donors (relative or nonrelative) and cadavers are the usual sources for kidney transplantation (11) . In this context, the variety of research shows that the survival rate of a transplant received from a living donor is significantly higher than from a deceased donor (12, 13) . In the past two decades, the short-term outcomes of transplant have improved notably, while the long-term outcomes have not remarkably improved.
In many medical studies, the common objective is to estimate the time between an intervention (such as surgery, chemotherapy, or transplantation) and the occurrence of an event (such as full recovery, death, or recurrence of a disease). The statistical method used for such data is known as survival analysis. The goals of survival analysis can be divided into three categories: estimation and interpretation of risk (hazard) and survival functions, comparison of the survival and hazard functions, and assessment of the relationship between predictor variables and survival time. In some studies, in addition to recording the time-to-event data (as a primary response variable), some of the other variables affecting the survival time (which, in turn, are influenced by a variety of risk factors and markers) are measured repeatedly over time. These longitudinal markers play a mediating role in such analysis. They play the role of predictor variable, for better description of the main outcome variable (for instance, the survival of the patients). At the same time, they are influenced by other indicators, and thus act as the secondary outcome variable.
In this context, recent considerable attention has been focused on so-called joint models. In comparison with separate analysis of survival and longitudinal data, the joint model gives us more accurate estimates for assessing the effect of covariates under study. In the joint modeling field, usually a linear mixed effects model is applied for the longitudinal analysis and a Cox regression model is used for the survival portion of the data (14) .
Foroushani et al., in 2015, assessed long-term kidney graft failure and evaluated the risk factors of graft survival of patients who had malignancy after transplantation (15). Ghanei et al., in a historical cohort study, evaluated shortand long-term graft survival of patients who underwent kidney transplants from living or deceased donors. They assessed the serum creatinine level only for one month after transplantation. They reported that the age and sex of the donor, along with the serum creatinine level of the recipient, were the most important factors affecting the graft survival rate (16) . Morales et al., in a multi-center study, reported the risk factors for graft loss and mortality after renal transplantation based on patient age. They found that the main causes of graft loss were chronic allograft dysfunction in younger patients and death with functioning graft in older patients. They also reported the significance of elevated creatinine levels more than 1g at six months post-transplantation (17). Ghoneim et al., in their singlecenter study, showed that some factors, such as donor's age, genetic considerations, type of primary immunosuppression, number of acute rejection episodes, and total steroid dose during the first three months after transplantation affect the kidney graft survival of subjects (18) .
In our literature review, we did not find any published articles about assessing the longitudinal effect of creatinine level on long-term graft survival of patients after renal transplantation using the joint modeling of longitudinal and time-to-event data framework. Thus, we decided to conduct the present study in a sample of patients in the kidney transplantation center in the Urmia University of Medical Sciences in northwest Iran. The novelty of our work is the use of a complex and powerful statistical model for analyzing this complicated data.
Objectives
In this study, by using the joint modeling approach, our focus was on two main objectives: to estimate the tenyear graft survival rate of the patients after renal transplantation and to determine the longitudinal effect of serum creatinine level and other indicators on graft loss in these patients.
Methods

Study Sample
In this historical cohort study, a total number of 129 files of patients who were referred to the kidney transplant center of the Imam Khomeini Hospital of Urmia University of Medical Sciences during 2003 to 2014 were studied. The inclusion criteria were 1) patients who had kidney transplant surgery during 2003 to 2014 in the above-mentioned transplant center, 2) registration of 12 repeated measures of serum creatinine level after surgery and, 3) complete registration of the covariates under study. Patients' files with incomplete records were excluded from the study (less than 10% of the files). The sample size was computed using the STATA software, version 11 (sample size for Cox proportional hazard model) with type I error = 0.05, test power = 0.90, hazard ratio for the creatinine level of 1.4 (estimated from a pilot study) and standard deviation = 1.0. The obtained sample size was about 93 subjects and, considering 20% missing or lost to follow up, at least a sample 
Variables Under Study
In the present study, the main outcome was the kidney transplant survival time. The time between surgery and total graft loss and return to dialysis was determined as the survival time. The patients who did not experience graft loss were considered the censored. In addition, the serum creatinine level of the patients was recorded monthly, using urine and blood tests, for one year after transplantation. This repeated measure (the longitudinal variable) was one of the most important indicators of the survival of the transplant in the survival analysis. It also was used as the outcome variable in the longitudinal portion of the modeling process.
Moreover, other risk indicators, such as the type of kidney donor, recipient's age and sex, anemia, type of medication, diabetes, and anti-thymocyte globulin, as well as complications after transplantation, such as proteinuria, hyperkalemia, hyperuricemia, leukopenia, myocardial infarction, delayed graft function, acute tubular necrosis, urinary tract infection, chronic allograft necrosis, dyslipidemia, liver dysfunction, and hypercalcemia, were included as the explanatory variables in the statistical models.
Statistical Analysis
As mentioned, a joint analysis of survival and longitudinal data was used to assess the relationship between explanatory variables and the response variable. To illustrate the joint model, let Y it denote the t th repeated observation for i th subject under study (I = 1, 2,…, n; t = 1, 2,…, T i ) and X it and Z it are the p-dimensional and q-dimensional (q ≤ P) covariate vectors for the fixed and random part of the model. Thus, the following linear mixed effect model can be written for analyzing the longitudinal part of the statistical model: 
where h 0 (t) is the baseline hazard function, β 2 is a P 2 -dimensional vector of survival fixed effects parameters, and α is a coefficient called shared parameter that must be significant in the context of joint modeling. This modeling process enables us to assess the effect of the variety of explanatory variables on the longitudinal and survival parts of the joint model simultaneously, while assessing the effect of longitudinal outcome on the time-to-event (survival) part. The JM package in open source R software, version 3.0.2, was utilized for fitting the described joint model (19) .
Results
In this historical cohort study, 129 patients who received kidney transplants from live donors from September 2003 to December 2014 were enrolled in the study. A total of 79 patients (62.7%) were male and 47 (37.3%) were female, and 93 patients (72%) had hypertension. In addition, 14 donors (10.9%) were relatives, and three patients suffered a heart attack after transplantation. The mean (SD) age, weight, and follow-up time (years) of the subjects was 39.18 (1.216), 57.0 (1.0), and 6.7 (1.8), respectively. Table 1 shows other characteristics of the patients under study. In addition, Table 2 shows descriptive statistics about the monthly trend of creatinine levels of the patients during the first year after transplantation. The mean (SD) serum creatinine levels at all time points measured in the study were 1.28 (0.86), which was reported at every month (see Table 2 ).
Among 129 patients under study, 63 patients (48.8%) experienced graft rejection during the follow-up period. The minimum rejection time after surgery was 15 days. The mean (SD) time of follow-up and duration of dialysis before allograft in this study was 75.2 (32.2) and 15.29 (1.22) months, respectively. The mean and median survival times were 75.2 (32.2) and 73.2 months, respectively. Preliminary analysis of time-to-event (rejection of graft) data using the Kaplan-Meier method revealed that one-, three-, five-, seven-, and ten-year survival rates of the grafts were 93.8%, 86.8%, 76.6%, 58.7%, and 37.4% respectively (Figure 2 ). In the next step of data analysis, we used a univariate random intercept model to screen the potential indicators of the longitudinal section (creatinine). The univariate Cox regression model was used to screen the potential indicators of the second section (i.e., graft survival). In this stage, variables with P < 0.15 were included in the joint modeling of longitudinal and survival analysis.
In the final step of statistical analysis, the described joint model was fitted to the data. Table 3 shows the results of the longitudinal part of the model, and Table 4 shows the results obtained from the survival part.
In Table 3 , one can observe that leukopenia, chronic allograft necrosis, and observation times were significantly associated with the creatinine levels of the patients. The interpretation of results can be performed with the estimates. For instance, the obtained estimate of -0.0132 for the observation time variable means that the mean level of creatinine decreases about 0.13 unit every month after transplantation (P < 0.001). In addition, the estimate of + 0.379 for the presence of leukopenia means that patients with leukopenia had a higher mean level of creatinine (about 0.38 unit) compared to those without leukopenia (P = 0.001).
The results obtained from the survival part of the model (Table 4) , which is our main interest, show that the variables of serum creatinine level (P < 0.001), patient age (P = 0.006), and anti-thymocytes globulin treatment (P = 0.019) were significantly related to graft survival. By using the exponential of the estimates, the results can be interpreted as the hazard ratios (HR column in Table 4 ). For creatinine level, the HR = 1.82 tells us that, by any increase in creatinine levels of the patients, the hazard of graft rejection increases about 82%. In addition, by every one-year increase in patient age, the hazard of graft rejection increases approximately 3%. Finally, taking anti-thymocytes globulin increases the graft rejection hazard by about 2.5 times.
Discussion
In this study, we used the survival data of patients with kidney transplants to identify the short-and longterm survival of the grafts as well as to determine important risk indicators of graft rejection, using powerful statistical methods. Regarding the first objective of the present study, it was found that less than one-fourth of the grafts were rejected until five years after surgery. In addition, a little more than one-third of the grafts were reIran Red Crescent Med J. 2017; 19(3):e40583. 5 between Europeans and white and Hispanic Americans, whereas it was slightly lower for African Americans (89%). In contrast, overall five-and ten-year graft survival rates were considerably higher in Europe (77% and 56%, respectively) than for any of the three U.S. populations (whites: 71% and 46%, Hispanics: 73% and 48%, and African Americans, 62% and 34%) (16, 20, 21) .
To achieve the second objective of this study, a joint modeling approach was utilized to more accurately screen the potential risk indicators of graft rejection. The findings from this model showed that repeated creatinine levels, as well as patient age and anti-thymocytes globulin, had a significant relationship to the hazard of graft rejection.
For the patient age variable, our findings revealed that the older patients had lower survival rates than the younger ones. It seems that, with increasing age, the number of nephrons reduces while atherosclerosis increases, thus it can reduce the survival of the graft.
This result is in agreement with other reports from different parts of the world. For instance, Ghanei et al. (2012) reported subjects' age as one of the most important factors for good graft survival. Also, Ghoneim et al. (2013) , in their study among patients receiving kidneys from live donors, showed that recipient age had a significant negative impact on graft survival (16, 18) . In contrast, other research did not find a significant relationship between patient age and graft survival. For example, Briganti et al. (2002) and Orsenigo et al. (2005) reported no significant effect of age on graft survival (7, 22) .
With increasing age of patients, the rates of morbidity and mortality increase as well, thus it is necessary to moderate the dose of immunosuppressive drugs. On the other hand, decreasing the dose of immunosuppressive drugs can have a negative effect on graft survival. In addition, cardiovascular diseases and vascular atherosclerotic changes can increase with aging, which can have adverse effects on graft survival (6).
Anti-thymocytes globulin is a common medication used for preventing allograft rejection, and it is also used to treat patients with aplastic anemia (i.e., those who are not candidates for bone marrow transplant). This medicine can also be used to decrease the immune system in kid-
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ney, liver, bone marrow, heart, and other organ transplantations. The effect of this product has not been sufficiently clarified, but its effect on graft failure was significant in our study. Based on our experience, the use of this medication in the above-mentioned cases can decrease the creatinine level, and it also can improve the renal status. However, it should be used with caution and only in limited cases. In this study, the hazard of graft rejection in the subjects who received the ATG drug was 3.23 times that of subjects who did not receive the medicine. Specifically, this medicine is prescribed 1) for patients who have experienced transplantation more than once, 2) for patients who experience an increase in creatinine after transplantation, and 3) for patients who experience a very slow decrease in creatinine level after surgery. It is clear that patients with critical conditions receive this medicine and, consequently, observing a low survival rate in these subjects is not completely due to use of this drug. Instead, it might be attributable to their poor condition after transplantation. Finally, it is highly recommended to prescribe ATG to transplant patients who have high risk of rejection, have had a previous transplantation, or have received a kidney from a cadaver. Broad studies should be carried out to prescribe ATG to other low risk patients.
As the most important aim of the present study, we investigated the longitudinal effect of the serum creatinine level on survival of grafts. The results revealed that patients with a higher level of creatinine in the first year after transplantation had a remarkably higher hazard of graft rejection. Although we did not find any published articles about the longitudinal effects of creatinine level on survival of kidney graft, numerous studies are available about its cross-sectional effect. In a study conducted in Shiraz, Iran, on cadaveric transplant patients, it was shown that the risk of graft loss in subjects with creatinine greater than 2 mg/dL was 3.23 times more than for subjects who had a serum creatinine less than the mentioned amount (23) .
In most studies, the cross-sectional effect of serum creatinine was investigated on short-term survival. However, some studies reported serum creatinine to be one of the important risk factors of graft loss for short-and long-term survival (16, (24) (25) (26) (27) . In this study, the effect of serum creatinine was examined in longitudinal (i.e., repeated measurements every month in the first year after transplant) format, and this longitudinal variable was one of the significant variables in our joint model. It means that, for every unit increase in the creatinine index, the risk of graft failure increases 82%. This point is contrary to the study of Rayhill et al., while it is consistent with the results of McLaren et al., which revealed that serum creatinine levels at six months after transplant were not predictive of the risk of developing chronic allograft failure. Rayhill et al. compared the outcome of simultaneous pancreas-kidney transplantation (SPK) and living related donor renal transplantation (LRD) in patients with diabetes, and they found discharge creatinine, the strongest predictor of graft survival, was highest in the SPK group and lowest in the HLAidentical LRD group (28, 29) .
In general, it can be concluded that increasing the level of creatinine after kidney transplantation can affect longterm graft survival. The effect of hyperuricemia on survival was significant, which agrees with Huang et al.'s study. This could be due to the direct effect on cell function (30) . Regarding the effect of hyperuricosuria on graft survival, uric acid-lowering drugs can be used to compare the survival of these patients with a control group. Also, to obtain more precise results, the glomerular filtration rate of patients who have a high level of uric acid can be contrasted with patients who have normal levels.
It should be mentioned that the increasing of the follow up period can be a sign of acute rejection, delayed graft function, and acute tubular necrosis. In turn, these conditions can be the cause of ischemia on the transplanted kidney, even after creatinine normalization. They can also cause inflammation reactions and loss of nephrons and hypertrophy of the remaining nephrons, as well as glomerul sclerosiation, which can have a severe negative effect on graft survival. The long-term increase of creatinine is a sign of chronic rejection, which is the main cause of graft loss. Fortunately, by increasing the serum creatinine, some recently discovered drugs can be added to the treatment protocol which, in turn, can have a positive effect on patient survival (31) .
As a result of the joint modeling process, we found that, by every unit increase in the monthly recorded creatinine levels during the first year after kidney transplantation, the hazard of graft rejection increased about two times. Reported significant hazard ratios (HR) from different studies were 2.23, 1.72, 3.69, and 1.57 (25) (26) (27) 32) . However, the reported effect size of creatinine level (HR = 1.82) in the current study might be more reliable than similar studies, because it was computed from repeated measures of creatinine levels (via longitudinal study), which is more comprehensive than a single observation (e.g., a cross-sectional study).
In recent decades, a large volume of medical and statistical research has been performed to identify the effective factors for the survival rate of renal graft throughout the world (15, 16, 18, 22, 25, 26, 28, 33) . In these studies, the data analysts generally applied the usual statistical models, such as Cox proportional hazards or other well-known parametric or semi-parametric survival models. Here, we applied a more complex and powerful statistical model for joint analysis of longitudinal and survival data. This modeling approach yields less bias and more accuracy, compared to other common techniques.
A number of statisticians have recommended the strict use of joint modeling approaches for better describing the longitudinal effects of different markers on time-to-event data (34) (35) (36) . In our study, we modeled the longitudinal effect of subjects' post-operation creatinine levels on survival of kidney grafts, using a joint modeling technique. According to our literature review, this is the first attempt to use joint analysis of longitudinal creatinine and longterm survival of kidney transplantation.
One of the limitations of this study was the lack of access to a larger sample size. In addition, the model has its limitations. First, long-term follow-up of patients after transplantation is time-consuming, and second, the records of patients admitted to the medical centers may be incomplete. Moreover, the patients in this study did not return to the hospital for long-term follow-up, the data was not completely registered in the patients' files, the HLA matching was not done before transplantation in the patient files, and the side effects of immunosuppressive drugs were not assessed on the graft survival. Therefore, these findings should be interpreted with caution.
On the other hand, the study does offer the following advantages: it was completed on a large observation (1,560 observations). Compared to similar studies conducted in other provinces, the collected data was highly reliable and advanced, and powerful statistical approaches were utilized for analyzing the available data. In addition, the study was carried out in a center which has a favorable reputation, based on its more than 25 years of experience.
For future studies, the authors suggest assessing larger sample sizes or using substitute modeling, such as Bayesian joint modeling and/or any other similarly structured multi-center analysis. Also, the model presented herein can be applied to design similarly structured datasets.
Conclusion
In general, the results obtained from the present study revealed that the short-term survival of renal graft is in an acceptable range, while the long-term survival of kidney transplantation is still low, especially compared with reported estimates in developed countries. In this context, paying more attention to the risk indicators and risk factors of graft rejection, as well as promoting the level of post-operative care (including monitoring the markers, nursing, and medication) are of great importance.
Finally, to present more accurate estimates about the survival of the renal graft and survival rate of the patients (which was not assessed in our study) and to identify a wider range of factors related to graft survival, a multicenter study is recommended at the various referral kidney transplantation centers in different parts of Iran.
